We have developed an assay system for measuring lactate in whole blood, consisting of a single-use strip of an enzyme-coated electrode and a small meter. The electrode strip is made of three plastic films: a cover sheet, a spacer, and an insulation layer printed with electrodes that are coated with lactate oxidase (EC 1.1.3.x) and ferricyanide as an electron mediator. The meter measures the magnitude of the anodic current of the reduced mediator by the enzymatic reaction and displays the lactate concentration 60 s after a blood sample (5 L) is applied. Lactate concentration in blood is a biochemical indicator of anaerobic metabolism in patients with circulatory failure. When the blood flow is markedly decreased, oxygen delivery is no longer adequate to sustain aerobic metabolism, creating an oxygen debt. The concentration of lactate in blood corresponds to the extent of the oxygen deficit, and measurement of blood lactate gives information for diagnosis and estimation of a prognosis in affected patients (1). Blood lactate concentrations increase during physical exercise, and the changes in these concentrations are useful for estimating physical fitness and the effects of exercise (2, 3). An electrode analyzer with an enzymatic sensor can measure lactate concentrations in whole blood and overcomes the limitations of conventional enzymatic assays, which are time-consuming and technically complex (4, 5). We doveloped an assay system for measuring lactate concentrations in whole blood that includes a single-use strip of an enzyme-coated electrode and a small meter containing a data processor. We used this system to study blood samples from healthy individuals before and after exercise, and here we report our results. Electrode strip. A 24 x 6 mm strip was made of three plastic films: a cover sheet, a spacer, and an insulation layer. A reaction layer was formed on the carbon electrodes, which were printed on the insulation layer (Figure 1) . The reaction layer was cast and dried from 2 L.L of 5 g/L carboxymethyl cellulose (Dai-ichi Kogyo Seiyaku Co., Kyoto, Japan) containing 1.6 U of lactate oxidase (EC l.1.3.x) from Pediococczts sp. (Asahi Chemical Industry Co., Shizuoka, Japan) and 50 mmol of tripotassium hexacyanoferrate (Nacalai Tesque, Kyoto, Japan). About 5 L of whole blood aspirated by capillary action into the open end of the spacer moved into the space between the three films.
Lactate concentration in blood is a biochemical indicator of anaerobic metabolism in patients with circulatory failure. When the blood flow is markedly decreased, oxygen delivery is no longer adequate to sustain aerobic metabolism, creating an oxygen debt. The concentration of lactate in blood corresponds to the extent of the oxygen deficit, and measurement of blood lactate gives information for diagnosis and estimation of a prognosis in affected patients (1) . Blood lactate concentrations increase during physical exercise, and the changes in these concentrations are useful for estimating physical fitness and the effects of exercise (2, 3 ). An electrode analyzer with an enzymatic sensor can measure lactate concentrations in whole blood and overcomes the limitations of conventional enzymatic assays, which are time-consuming and technically complex (4, 5). We doveloped an assay system for measuring lactate concentrations in whole blood that includes a single-use strip of an enzyme-coated electrode and a small meter containing a data processor. We used this system to study blood samples from healthy individuals before and after exercise, and here we report our results. ' Electrode strip. A 24 x 6 mm strip was made of three plastic films: a cover sheet, a spacer, and an insulation layer. A reaction layer was formed on the carbon electrodes, which were printed on the insulation layer (Figure 1) . The reaction layer was cast and dried from 2 L.L of 5 g/L carboxymethyl cellulose (Dai-ichi Kogyo Seiyaku Co., Kyoto, Japan) containing 1.6 U of lactate oxidase (EC l.1.3.x) from Pediococczts sp. (Asahi Chemical Industry Co., Shizuoka, Japan) and 50 mmol of tripotassium hexacyanoferrate (Nacalai Tesque, Kyoto, Japan). About 5 L of whole blood aspirated by capillary action into the open end of the spacer moved into the space between the three films.
MaterIals and Methods

Reaction
Meter. The Glucocard#{174} blood glucose meter (Kyoto Dai-ichi Kagaku Co., Kyoto, Japan) (6) was modified for lactate measurements.
The potential (+0.5 V) was ap- Procedure.
An electrode strip was inserted into the strip inlet of the meter, and the meter switched on automatically.
When the other end of the strip touched a drop of whole blood, about 5 L was aspirated and measurement started. The lactate concentration was displayed after 60s; the meter turned off when the strip was removed. The used strip was discarded. Blood sampling. Blood samples were obtained from 10 healthy volunteers before, during, and after exercise on an ergometer, and the workload was increased gradually until the individuals reached exhaustion.
Before beginning the study, we obtained informed consent from all participants.
Immediately afier blood sampling, we assayed the concentrations of lactate with our system; another portion of the blood sample was treated with perchioric acid and assayed by the comparison method.
Results
The lower limit of detection by this new method was 0.1 mmol/L. The calibration curves for lactate concentrations in whole blood and plasma were linear up to 20 mmol/L (Figure 2) . Table 1 shows that the assay preci- (Figure 3) . The samples were prepared by separating plasma and erythrocytes in the presence of heparin and sodium fluoride, then mixing them again to produce the desired hematocrit. In sample 1, with a high lactate concentration, the lactate values in the low-hematocrit samples were higher than those in a normal-hematocrit sample; the lactate values in samples with a high hematocrit were even lower. In sample 2, with a low lactate concentration, the measured values were little affected by differences in hematocrit. The correlation between lactate concentrations in 80 blood samples from the individuals before, during, and after exercise, measured by the electrode strip method (y) and by the comparison method (x), which is the usual method in Japan, was r = 0.976 (y = 0.966x -0.254 mmol/L, S = 0.678 mmol/L).
Discussion
An electrode analyzer with an enzymatic sensor that can measure lactate concentrations directly in whole we observed a linear relation between the lactate concentrations in plasma and the magnitude of the electric current generated (Figure 2) . The correct lactate concentrations in plasma were obtained when the concentrations were calculated with another calibration curve for plasma lactate measurements.
The new assay system is a rapid, convenient, and reliable method for measuring lactate concentrations in whole blood, and the meter itself is pocket-sized. These characteristics allow lactate to be measured at the bedside, in the laboratory, and even outdoors for application in clinical and sports medicine.
